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68Transbrachial branch cannulation during Zenith
fenestrated endovascular aortic aneurysm repair
using a robotically guided body-ﬂoss technique
Sukgu M. Han, MD, Anuj Mahajan, MD, Sung W. Ham, MD, William Lee, MD, Vincent L. Rowe, MD,
and Fred A. Weaver, MD, Los Angeles, Calif
Caudal angulation and stenosis of the renal arteries pose signiﬁcant challenges in branch cannulation during the standard
fenestrated endovascular aortic aneurysm repair (FEVAR). We describe an alternative technique of branch cannulation
during FEVAR in a patient with a 6.5-cm juxtarenal abdominal aortic aneurysm, renal artery stenosis, and bilateral
caudally oriented renal arteries. A brachiofemoral or “body-ﬂoss” access was established by traversing the top scallop. The
brachial sheath was deﬂected toward the target fenestration using a steerable robotic femoral sheath, enabling trans-
brachial cannulation of the downgoing target renal artery. Postoperatively, the patient was discharged without compli-
cations. Steerable sheath-guided body-ﬂoss technique may facilitate cannulation of severely downgoing branch vessels
during FEVAR. (J Vasc Surg Cases 2016;2:68-72.)Since the ﬁrst reported use in juxtarenal abdominal
aortic aneurysm repairs,1 fenestrated endovascular aortic
aneurysm repair (FEVAR) has been shown to have excel-
lent early and midterm outcomes.2 Whereas the initial
experience with FEVAR involved custom modiﬁcation of
the existing devices by the operating surgeons,1 commer-
cial approval of the Zenith fenestrated endovascular graft
(ZFEN; Cook Medical, Bloomington, Ind) has allowed a
standardized approach to design and implantation of
custom-manufactured devices.3 A typical ZFEN implanta-
tion requires insertion of large sheaths into bilateral femoral
arteries. The fenestrated main body is unsheathed while the
top cap constraint is maintained. The fenestrations and
their respective target renal arteries are cannulated from
below. As such, downgoing renal arteries with occlusive
disease can make transfemoral branch cannulation difﬁ-
cult.4 In this article, we describe an alternative approach
to cannulation of a caudally angulated renal artery during
ZFEN implantation. The subject gave an explicit consent
to use and to publish his deidentiﬁed information.
TECHNIQUE
A 74-year-old man presented with an asymptomatic
6.5-cm abdominal aortic aneurysm (Fig 1, a). His medicalthe Keck Medical Center of University of Southern California.
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and coronary artery disease with prior myocardial infarction.
Computed tomography angiography demonstrated the
aneurysm to have a short, conical neck. Bilateral renal arteries
were caudally angulated, and the right renal artery had a
high-grade stenosis (Fig 1, b). The proximal right common
iliac artery also had a moderate stenosis (Fig 1, c). Given
his comorbidities and short infrarenal aortic neck, FEVAR
was planned using a custom ZFEN endograft, which
included two small fenestrations and a scallop.
Implantation. Under general anesthesia, open expo-
sures of the left brachial and bilateral femoral arteries
were performed. After full systemic heparinization, a 12F
hydrophilic sheath was introduced into the left brachial ar-
tery and its tip positioned at the mid-descending thoracic
aorta. Using a coaxial 7F sheath introduced into the 12F
brachial sheath, the right renal artery was cannulated and
dilated with a 4-mm angioplasty balloon (Fig 2, a).
A 0.018-inch ﬂexible tip wire was left in the right renal
artery, and the coaxial 7F sheath was withdrawn. The left
femoral artery access was sequentially dilated to 20F; the
right femoral artery was accessed with a 12F sheath. The
fenestrated main body was oriented extracorporeally under
ﬂuoroscopic guidance, then introduced through the left
femoral approach. The fenestrated main body was appro-
priately positioned with respect to the prewired right renal
artery, then unsheathed, leaving the top cap and the
diameter-constraining wires intact (Fig 2, b).
For the branch cannulations, the 10F Magellan endo-
vascular robotic system (Hansen Medical, Mountain
View, Calif) was introduced into the right (contralateral)
femoral sheath. Using the endovascular robotic system, a
ﬂexible 0.035-inch wire was advanced into the fenestrated
main body, then out of the scallop (Fig 2, c). Repuncturing
the valve of the 12F brachial sheath, a long 7F sheath was
introduced into the paravisceral aorta. A brachiofemoral
“body-ﬂoss” access was established by capturing the
Fig 1. A 6.5-cm juxtarenal abdominal aortic aneurysm with caudally angulated renal arteries (a), high-grade stenosis of
the right renal artery (b), and moderate stenosis of the proximal right common iliac artery (c).
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brachial snare. With the body-ﬂoss wire under tension,
the 7F brachial sheath was advanced through the scallop
into the fenestrated main body. By articulating the robotic
sheath, while releasing the tension of the body-ﬂoss wire,
the 7F brachial sheath was deﬂected toward the right renal
fenestration. An additional 5F angled-tip catheter with a
ﬂexible 0.035-inch wire was inserted into the 7F brachial
sheath in a “buddy” conﬁguration to the body-ﬂoss wire.
The right fenestration and the right renal artery were
then cannulated (Fig 2, d). The left renal artery was cannu-
lated from the bottom, using the endovascular robotic
system. The rest of the ZFEN implantation was conducted
in the standard fashion. A kissing balloon technique was
used to mold the proximal seal zone (Fig 2, e). The
completion angiography revealed patent, caudally oriented
renal artery stents without evidence of endoleak (Fig 3).
DISCUSSION
A successful implantation of a ZFEN endograft using
the conventional approach is predicated on severalanatomic requirements. In a signiﬁcant portion of patients,
one or more of these may not be met. First, the presence of
downgoing renal arteries has been shown to lead to cannu-
lation difﬁculty as evidenced by increased renal artery
cannulation time, ﬂuoroscopy, and total operative time
during FEVAR.4 Up to 7% of FEVAR cases result in renal
cannulation failure, with a common reason being caudally
angulated renal arteries.5 These observations have promp-
ted some surgeons to choose parallel grafting, so-called
snorkel or chimney techniques, for juxtarenal and pararenal
abdominal aortic aneurysms. However, the prevalence of
type Ia endoleaks through the “gutters” remains relatively
high, and the long-term durability of this technique is
unproven. Second, bilateral iliac arteries must be able to
accommodate 20F to 22F sheaths. Concurrent aortoiliac
occlusive disease is frequent in this population of patients.
More speciﬁcally, in a ZFEN series, up to 40% of cases
required adjunctive access procedures.6 Therefore, cannu-
lating one of the renal arteries from above is appealing
because it allows downsizing of the femoral access from
20F to 22F to 12F, thereby obviating the need for
Fig 2. a, The renal artery was predilated to 4 mm through the transbrachial approach, and a 0.018-inch ﬂexible wire
was left in place. The fenestrated main body was unsheathed, maintaining the top cap constraint. b, The partially
constrained scallop was traversed with a transfemoral robotic catheter, and body ﬂoss was established by capturing the
femoral artery with the transbrachial snare above the main body. c, The transbrachial sheath was guided through
the scallop, toward the right renal fenestration over the body-ﬂoss wire. d, The renal artery was cannulated with the
transbrachial sheath, then the left renal artery was cannulated with the transfemoral robotic sheath. e, The fenestrated
main body was completely deployed and molded using a kissing balloon technique.
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Fig 3. Completion angiography showing complete exclusion of
the aneurysm with patent bilateral renal artery stents.
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aortoiliac occlusive disease. In addition, downgoing renal
arteries are more amenable to cannulation from above,
especially in the presence of stenosis.
Whereas the transbrachial or axillary approach has
been used in parallel grafting7 and branched endografting
techniques for thoracoabdominal aortic aneurysms,8 the
conventional ZFEN implantation sequence makes the up-
per extremity approach challenging. During the renal
cannulation, the suprarenal ﬁxation struts remain con-
strained by the top cap. This maneuver is designed to
allow realignment of fenestrations to their target vessels.
To cannulate the renal arteries from above, one must
access the constrained scallop and get inside the fenes-
trated main body. Although it is theoretically possible,
this technique has not been reported in the literature.
It is intuitive that approaching the scallop along the
conical proximal edge of the partially constrained graft
from above would be difﬁcult because of its convex sur-
face and the 10-mm-wide scallop that is constrained.
Once through the scallop and into the fenestrated main
body, proximity of the scallop to the target fenestration
creates an acute angle that has to be navigated. This
could pose a signiﬁcant technical challenge for a transbra-
chial sheath whose course is ﬁxed against the scallop,
acting as a fulcrum.
With the body-ﬂoss wire in place, the robotic steerable
sheath from below can deﬂect the 7F brachial sheathtoward the target fenestration and vessel. In addition, by
pulling on both ends of the body-ﬂoss wire, pushability
from above into the steeply downgoing renal arteries is
greatly enhanced. We have performed this guided body-
ﬂoss technique using the robotic sheath system; however,
we believe that this can be performed in conjunction
with any commercially available steerable sheaths.
Both manually and robotically steerable sheaths have
been adopted in various endovascular procedures. The
Magellan endovascular robotic system (Hansen) is a tech-
nology that has been used successfully for various endovas-
cular procedures at select institutions in the United States
and Europe.9,10 At our center, we have incorporated the
Magellan robotic system as an adjunctive tool for various
endovascular procedures including FEVAR. Robotic cath-
eters and sheaths allow precise navigation to target vessels,
often without multiple catheter exchanges. Other advan-
tages include enhanced pushability and sheath stability dur-
ing the delivery of standard endovascular devices. We have
previously used the transfemorally placed robotic sheath to
facilitate renal cannulation and stent delivery during the
conventional ZFEN implantation.
There are several anatomic requirements for the robot-
ically guided body-ﬂoss technique. As with any upper
extremity approach, a type III arch and tortuous thoracic
aorta would hinder the maneuverability of the wire and
catheter introduced through an upper extremity. The
brachial or axillary arteries must be large enough to accom-
modate a 7F sheath. The technique requires using a top
scallop. Traversing a large fenestration has not been
attempted; however, it is intuitive that the proximal seal
may be compromised by this technique.
CONCLUSIONS
Robotically guided body-ﬂoss technique can provide a
useful adjunct to ZFEN implantation in patients with a
steeply downgoing renal artery and smaller access vessels.REFERENCES
1. Browne TF, Hartley D, Purchas S, Rosenberg M, Van Schie G,
Lawrence-Brown M. A fenestrated covered suprarenal aortic stent. Eur
J Vasc Endovasc Surg 1999;18:445-9.
2. O’Neill S, Greenberg RK, Haddad F, Resch T, Sereika J, Katz E.
A prospective analysis of fenestrated endovascular grafting:
intermediate-term outcomes. Eur J Vasc Endovasc Surg 2006;32:
115-23.
3. Oderich GS, Greenberg RK, Farber M, Lyden S, Sanchez L,
Fairman R, et al. Results of the United States multicenter prospective
study evaluating the Zenith fenestrated endovascular graft for treat-
ment of juxtarenal abdominal aortic aneurysms. J Vasc Surg 2014;60:
1420-8.e1-5.
4. Ullery BW, Chandra V, Dalman RL, Lee JT. Impact of renal artery
angulation on procedure efﬁciency during fenestrated and snorkel/
chimney endovascular aneurysm repair. J Endovasc Ther 2015;22:
594-602.
5. Donas KP, Torsello G, Bisdas T, Osada N, Schonefeld E, Pitoulias GA.
Early outcomes for fenestrated and chimney endografts in the
treatment of pararenal aortic pathologies are not signiﬁcantly different:
a systematic review with pooled data analysis. J Endovasc Ther
2012;19:723-8.
JOURNAL OF VASCULAR SURGERY CASES
72 Han et al September 20166. Lee JT, Lee GK, Chandra V, Dalman RL. Comparison of fenestrated
endografts and the snorkel/chimney technique. J Vasc Surg 2014;60:
849-56; discussion: 856-7.
7. Wooster M, Powell A, Back M, Illig K, Shames M. Axillary artery access
as an adjunct for complex endovascular aortic repair. Ann Vasc Surg
2015;29:1543-7.
8. Reilly LM, Rapp JH, Grenon SM, Hiramoto JS, Sobel J, Chuter TA.
Efﬁcacy and durability of endovascular thoracoabdominal aortic aneu-
rysm repair using the caudally directed cuff technique. J Vasc Surg
2012;56:53-63; discussion: 63-4.9. Riga CV, Bicknell CD, Rolls A, Cheshire NJ, Hamady MS. Robot-
assisted fenestrated endovascular aneurysm repair (FEVAR) using the
Magellan system. J Vasc Interv Radiol 2013;24:191-6.
10. Rolls AE, Riga CV, Bicknell CD, Regan L, Cheshire NJ, Hamady MS.
Robot-assisted uterine artery embolization: a ﬁrst-in-woman safety
evaluation of the Magellan System. J Vasc Interv Radiol 2014;25:
1841-8.Submitted Dec 7, 2015; accepted Jan 14, 2016.
